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ABSTRACT 

Background: In China, and in Shandong province, the proportionate contribution of birth defects to infant 
mortality has increased, and congenital heart disease (CHD) is now the most common cause of birth defects. The 
cause of approximately 90% of cases of congenital heart disease is multifactorial. Little is known about modifiable 
environmental risk factors or regional differences. We investigated putative environmental risk factors for congenital 
heart disease in the Shandong province of China in order to improve prevention of CHD. 

Methods: We conducted a hospital-based 1:2 matched case-control study of 164 patients with congenital heart 
diseases and 328 controls, all of whom were retrospectively interviewed. Univariate and multivariate analyses were 
conducted to identify environmental risk factors for CHD. 

Results: The environmental risk factors associated with CHD were mother's education level (odds ratio [OR], 0.31; 
95% confidence interval [CI], 0.15-0.67), neonatal asphyxia or hypoxia (OR, 3.74; 95% CI, 1.25-11.18), number of 
previous pregnancies (OR, 2.68; 95% CI, 1.44^1.97), maternal upper respiratory tract infection (OR, 4.12; 95% CI, 
1.56-10.85), maternal infection (OR, 7.98; 95% CI, 2.14-29.72), maternal B-mode ultrasound examination (OR, 
4.05; 95% CI, 1.48-11.08), and maternal mental stress (OR, 3.93; 95% CI, 1.94-7.94) during early pregnancy. No 
significant interactions were observed among these factors. 

Conclusions: Augmenting maternal mental healthcare, obtaining regular health counseling and testing during 
pregnancy, preventing upper respiratory tract infections, limiting medication during early pregnancy, offering health 
promotion and health education to women of childbearing age (especially those with less formal education), and 
improving obstetric procedures and techniques may lower the occurrence of congenital heart disease. 

Key words: heart defects, congenital; hospital-based; matched case-control study; risk factors; Shandong peninsular 
area of China 



INTRODUCTION 

The infant mortality rate has decreased due to improvements 
in socioeconomic, educational, and healthcare conditions, and 
to improvements infrastructure; however, the proportionate 
contribution of birth defects to infant mortality in many 
countries has increased, 1 as it has in China. 2 Congenital heart 
disease (CHD) is the most common birth defect, occurring in 
4 to 8 per 1000 live births, 1 and the incidence is higher 
if fetuses that do not survive to term are included. 3 The 
prevalence is 7 to 8 per 1000 live births in China, which 



represents approximately 100000 to 150 000 new cases 
of CHD per year. 4 The occurrence of neural tube defects 
has decreased significantly because of improvements in 
prenatal diagnostic techniques and periconceptional folic 
acid supplementation. 5 Hence, CHDs are playing a more 
significant role, ranking first to third among the 23 principal 
monitored birth defects in China, 6 ' 7 and in Shandong 
province. 8 ' 9 In addition, because of great improvements in 
medical treatment and care, some patients who would have 
died of CHD in the past now live into adulthood, and CHD 
is now being diagnosed in individuals with previously 
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undetected disease, thus increasing the number of adults with 
known CHD. 10-14 Thus, as China improves its health care 
system, CHD is becoming one of the most important public 
health problems. 

In approximately 90% of CHD cases, the cause is 
multifactorial. 1 These etiologies, especially inherited causes, 
have become better understood only in the past 10 years. 15 
Less is known about modifiable noninherited factors, 16 and 
direct evidence regarding environmental exposures is 
limited. 17 Moreover, there are variations in the proportional 
contributions of different types of CHD and regional 
differences in environmental risk factors. 18 " 20 We conducted 
a hospital-based case-control design to identify possible 
environmental risk factors for CHD in the Shandong 
Peninsula of China and to provide information to assist in 
local prevention of CHD. 

METHODS 

Selection of participants 

Cases were recruited from 3 municipal hospitals and 3 
maternal and child health centers in Yantai, Weifang, and 
Rizhao city in the Shandong Peninsula, which is located in 
northeast China. All cases were younger than 7 years and had 
a diagnosis of, or been treated for, CHD (International 
Classification of Disease, 10th Revision; codes Q20-Q24) 
between January 2004 and January 2005. Diagnoses were 
confirmed by appointed senior pediatric cardiologists, based 
on case records. 

The exclusion criteria for cases included: 1) presence of 
abnormalities in other organs, 2) death of birth mother, 3) 
divorce of birth mother, or 4) mental disorder diagnosed in 
birth mother, 5) inability to locate birth mother for interview, 
and 6) unwillingness of birth mother to be interviewed. 

Two hospital-based controls were recruited to match each 
CHD case. The controls were recruited from inpatients, 
outpatients, or patients undergoing health checkups at 
the same medical institutions during the same period. 
Inpatients were preferred because their diagnoses were 
clear and easily obtainable. If the number of inpatients was 
deemed insufficient, outpatients, and then other patients, were 
enrolled. The matching criteria for controls were: 1) same sex, 
2) age difference of less than 1 year, and 3) same geographic 
classification (rural or urban). A control with a diagnosis of 
CHD or other birth defect was excluded. Controls were also 
excluded for the abovementioned criteria 2)-6). When a new 
case was confirmed, we downloaded all information on 
eligible patients from the hospital information system, using 
the matching criteria. The 2 eligible and available controls 
whose time of presentation at hospital was closest to that of 
the case were selected. 

Cases and controls were all born in Shandong province, and 
their birth mothers were local residents. The birth parents of 
participants were interviewed for this study. 



Data collection and management 

In each medical institution, one senior pediatric cardiologist 
was appointed to identify CHD cases and patients with other 
birth defects, and to confirm participant eligibility. One 
interviewer, who was masked to the participant's group 
assignment, conducted face-to-face interviews of the partic- 
ipant's birth parents using a standardized questionnaire. 
The pediatric cardiologists and interviewers were trained 
uniformly before the formal interview and, to further refine the 
format of the questionnaire and the skills of the investigators, 
a preliminary trial of the interview and questionnaire was 
conducted with the participation of a few patients' parents 
from other medical institutions. All the participants' birth 
parents were retrospectively interviewed in a similar manner 
during the period of the study. Informed consent was obtained 
from each participant. 

The content of the questionnaire included: 

1) Demographic characteristics: child's name, sex, birth 
date, address, and nationality, and parents' education 
levels. 

2) Conditions of participant's birth: gestational age, birth 
weight, fetal order, birth asphyxia or hypoxia. 

3) Characteristics of birth parents: age at pregnancy, 
consanguineous parents, family history of inherited 
disease, occupational exposure history, disease 
history, and lifestyle (smoking status, and 
consumption of alcohol, tea, coffee, and cola). 

4) Conditions of pregnancy: gynecologic examination 
results, gestational weeks until aware of pregnancy, 
abnormal pregnancy reactions (eg, hyperemesis 
gravidarum, abdominal pain, and vaginal bleeding), 
reproductive history, and environmental exposures 
(infection, medication, vaccination, cold and fever, B- 
mode ultrasonographic examination, and radiography, 
microwave ovens, recent home repair or relocation, 
continuous noise, and mental stress). 

All data entry was completed independently by two 
external staves, and a database was established using 
Microsoft Excel 2003 after logical checking. 

Statistical analysis 

Variables with data structure problems were removed by 
constructing frequency graphs and cross-table analysis. 
Univariate conditional logistic regression analysis was 
conducted after some research factors had been quan- 
titatively assigned. Other transformed functions, such as x 2 , 
ln(x), ln(l -jc) or xln(x), were all applied to each discrete 
ranked variable and each continuous quantitative variable to 
identify possible nonlinear relationships between x and logit 
p. Dummy variables were also created for some factors. 
Grouping analysis was performed on correlative variables that 
were statistically significant on univariate analysis. Then, 
based on professional judgment, we determined the candidate 
variables for multivariate analysis. Next, a multicollinearity 
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diagnosis was conducted for these candidate variables, using 
principal component analysis. The variables were adjusted if 
multicollinearity was present. Finally, multivariate conditional 
logistic stepwise regression analysis of suspected interactive 
variables was performed to screen for possible risk factors for 
the occurrence of local CHD, and the adjusted odds ratio (OR) 
and 95% confidence interval (CI) were obtained. All P values 
were calculated using a 2-tailed statistical test, and P < 0.10 
was considered statistically significant in univariate analysis. 
All analysis was completed using SAS statistical software, 
version 9.1. For the 1:2 matching conditional logistic 
regression analysis, the PHREG procedure was used. 

Definitions 

Early pregnancy — The period from 1 month before to 3 
months after insemination (early pregnancy usually refers to 
the first trimester of pregnancy; however, as the exact time of 
insemination was very difficult to ascertain, we extended this 
period to include the month before insemination). The time of 
exposure was early pregnancy, unless otherwise specified. 

Grouping analysis — In order to avoid the influence of 
strongly correlative variables in the establishment of the 
multivariate regression model, we performed multivariate 
conditional logistic regression analysis only with 2 or more 
strongly correlative variables entered simultaneously in a 
single step. Then, the more significant variable was selected 
for the subsequent multivariate logistic regression. 

Disease history — At least one of the following diseases in 
early pregnancy: cardiopathy, diabetes, hypertension, 
epilepsy, anemia, phenylketonuria, mental illness, nephritis, 
hyperthyroidism, goiter, lupus erythematosus, or hepatitis. 

Occupational exposure — Employment as computer 
operator; radio, television, or communications technician; 
anesthetist; disinfection staff; nuclear medicine diagnostic 
doctor; nuclear physics researcher; distributor of agricultural 
products (fertilizers, pesticides); greenhouse, cotton, or fruit 
tree management; welding or smelting worker; printer; 
painter; dye worker; pesticide processing staff; rubber or 
plastics processing employee; cable manufacturing worker; or 
instrument manufacture or repair worker. 

RESULTS 

Characteristics of cases and controls 

A total of 171 cases were recruited from inpatients. We 
excluded 2 (1.17%) cases of stillbirth because we lost contact 
with the parents, 2 (1.17%) patients whose parents were 
distraught and unable to participate, and 3 (1.75%) patients 
whose parents were unwilling to be interviewed. Therefore, a 
total of 164 (95.91%) cases remained for analysis. A total of 
401 hospital-based controls were selected, 328 (81.80%) of 
whom were included in the analysis. Among this group, 278 
(84.76%) were inpatients and 50 (15.24%) were outpatients. 
The excluded controls comprised 40 (54.79%) children who 



were born outside their home province or whose birth mother 
was not a local resident, 24 (32.88%) who were unwilling to 
participate in this study, and 9 (12.33%) whose birth mother 
had died or could not be located. 

Among the 164 analyzed cases, 95 (57.93%) were boys and 
69 (42.07%) were girls. The age range was 0.17 to 7 years, 
and the average age was 5.1 years. Among the cases, 58 
(35.37%) had a ventricular septal defect, 28 (17.07%) had 
patent ductus arteriosus, 21 (12.80%) had tetralogy of Fallot, 
15 (9.15%) had an atrial septal defect, 11 (6.71%) had 
pulmonary stenosis, and 31 (18.90%) had another type of 
CHD. 

Univariate analysis and grouping analysis 

We deleted all abnormal variables that had been identified in 
data structure analysis. Twenty-two factors were statistically 
significant after univariate conditional logistic regression 
analysis of all 41 research factors (Cronbach's alpha = 0.10). 
Function transform was conducted on gestational age, father's 
smoking status, father's alcohol consumption, father's age and 
mother's age at this pregnancy, father's and mother's level 
of education, fetal order, gestational weeks until aware of 
pregnancy, number of previous pregnancies, and number of 
spontaneous abortions, but no nonlinear function was 
statistically significant. Dummy variables were also created 
for gestational age and parents' ages at this pregnancy, and 
were reassigned by logically combining the category of 
younger age with that of older age for a similar OR. Grouping 
analysis of correlative variables was conducted for father's 
and mother's level of education, father's and mother's age at 
this pregnancy, history of spontaneous abortion, number of 
spontaneous abortions, fetal order, and number of previous 
pregnancies, maternal upper respiratory tract infection (URI), 
maternal fever, gynecologic examination, maternal infection, 
and use of medication by mother. As a result of this analysis, 
father's level of education, father's age at this pregnancy, 
history of spontaneous abortion, fetal order, maternal 
fever, and gynecologic examination were removed. Sixteen 
candidate factors were ultimately examined in multivariate 
analysis. The assignment and proportion of 41 research factors 
among cases and controls are presented in Table 1, and the 
results of the univariate and grouping analyses are shown in 
Table 2. 

Multivariate conditional logistic stepwise analysis 

Multicollinearity diagnosis showed that there was good 
independence within the 16 candidate variables (Kaiser- 
Meyer-Olkin measure = 0.55). Seven putative environmental 
risk factors were significantly associated with local CHD 
after multivariate conditional logistic stepwise regression 
analysis (significance level to enter = 0.05, significance 
level to remain = 0.10). Partial correlation analysis was 
performed — and combined with professional knowledge — to 
ascertain whether there was interaction among the 7 factors, 
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Table 1. Risk factor exposures among cases and controls 



Risk factor 



Cases 
(n = 164) 



Controls 
(n = 328) 



Risk factor 



Cases 
(n = 164) 



Controls 
{n = 328) 



Father's education level 
master's degree or higher 
college 

senior high school 

primary or junior high school 

illiterate or semi-literate 
Gestational age 

>42 weeks 

37^2 weeks 

<37 weeks 
Neonatal asphyxia or hypoxia 

yes 

no 

Mother's age at this pregnancy 

>35 years 

20-35 years 

<20 years 
Consanguineous marriage 

yes 

no 

Mother's disease history 
yes 
no 

Maternal occupational exposure 
yes 
no 

Maternal tea-drinking 
yes 
no 

Maternal coffee-drinking 
yes 
no 

Maternal cola-drinking 
yes 
no 

Vaccination 
yes 
no 

Maternal fever 
yes 
no 

History of spontaneous abortion 
yes 
no 

Maternal medication 
yes 
no 

Maternal radiography examination 
yes 
no 

New house repair or relocation 
yes 
no 

Mother smoked before and during 
the first month of pregnancy 

past smoker or never smoker 

yes 

Mother drank alcohol before and 
during the first month of pregnancy 

quit or never drank 

yes 
Fetal order 

Gestational weeks until aware of 
pregnancy 

Maternal mental stress 
severe 
mild 
none 



0.6* 
12.2 
25.0 
61.6 

0.6 

9.1 
80.5 
10.4 

25.6 
74.4 

6.1 
92.7 
1.2 

7.9 
92.1 

22.6 
77.4 

27.4 
72.6 

10.4 
89.6 

1.8 
98.2 

1.8 
98.2 

4.9 
95.1 

22.6 
77.4 

18.3 
81.7 

42.7 
57.3 

1.2 
98.8 

11.6 
88.4 



97.0 
3.0 



100.0 
0 

1.58 ±0.72* 
6.49 ± 2.84 



21.3 
13.4 
65.3 



1.5 
26.8 
31.3 
39.6 

0.9 

8.2 
87.2 
4.6 

11.3 
88.7 

0.3 
98.5 
1.2 

2.1 
97.9 

3.0 
97.0 

18.9 
81.1 

11.9 
86.1 

0.6 
99.4 

2.1 
97.9 

5.5 
94.5 

3.4 
96.6 

7.0 
93.0 

14.3 
85.7 

1.8 
98.2 

2.4 
97.6 



99.4 
0.6 



99.7 
0.3 
1.29 ±0.52 

5.63 ±2.13 



3.0 
9.1 
87.8 



Mother's education level 

master's degree or higher 0.6 1 .5 

college 3.0 12.8 

senior high school 10.4 31.4 

primary or junior high school 81.7 53.0 

illiterate or semi-illiterate 4.3 1 .2 

Birth weight 

<2500g 15.2 8.5 

>2500g 84.8 91.5 

Gynecologic examinations 

yes 39.6 28.0 

no 60.4 72.0 

Father's age in this pregnancy 

>35 years 12.2 3.1 

20-35 years 87.8 95.4 

<20 years 0 1.5 

Family inherited disease history 

yes 11.6 0.9 

no 88.4 99.1 

Father's disease history 

yes 4.3 1.5 

no 95.7 98.5 

Paternal occupational exposure 

yes 33.5 21.0 

no 66.5 79.0 

Paternal tea-drinking 

yes 36.6 28.7 

no 63.4 71.3 

Paternal coffee-drinking 

yes 1.8 1.2 

no 98.2 99.8 

Paternal cola-drinking 

yes 0.6 1.8 

no 99.4 98.2 

Maternal upper respiratory infection 

yes 42.7 10.1 

no 57.3 89.9 

Abnormal pregnancy reaction 

yes 35.4 30.8 

no 64.6 69.2 

Maternal infection 

yes 30.5 2.1 

no 69.5 97.9 

Maternal B ultrasound examination 

yes 54.3 24.4 

no 45.7 75.6 

Frequent use of microwave ovens 

yes 1 .8 0.9 

no 98.2 99.1 

Continuous noise 

yes 9.1 7.0 

no 90.9 93.0 

Father smoked before and during 

the first month of pregnancy 

past smoker or never smoker 80.5 84.1 

yes 19.5 15.9 

Father drank alcohol before and 

during the first month of pregnancy 

quit or never drank 87.8 92.4 

yes 12.2 7.6 

Number of previous pregnancies 0.79 ± 0.86 0.35 ± 0.62 

Number of spontaneous abortions 0.20 ± 0.43 0.08 ± 0.29 



"■Proportion (%). 

+Mean ± standard deviation. 
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Table 2. Results of univariate analysis and grouping analysis 



Research factors 



OR (95% CI)* 



Research factors 



OR (95% CI) 



Father's education level?' 11 
Mother's education lever" 1 ' 1 
Gestational age § 
Birth weight (<2500g/>2500g) 
Fetal order? 

Neonatal asphyxia or hypoxia (yes/no) 1 * 

Mother's age at this pregnancy?'? 8 

Father's age at this pregnancy 1 ' 8 

Consanguineous marriage (yes/no)?' 

History of inherited disease in family (yes/no)** 

Mother's disease history (yes/no)?'? 

Father's disease history (yes/no) 

Maternal occupational exposure (yes/no) 

Father's occupational exposure (yes/no) 1 "'* 

Maternal tea-drinking (yes/no) 

Paternal tea-drinking (yes/no) 

Maternal coffee-drinking (yes/no)** 

Maternal cola-drinking (yes/no)** 

Mother smoked before and during the first month 

of pregnancy (quit or never smoked/yes)** 

Mother drank before and during the first month 

of pregnancy (quit or never drank/yes)** 

Gynecologic examinations (yes/no)? 



0.53 (0 
0.28 (0 
1.78 (0. 
1.49 (0. 
1.89 (1 
2.07 (0. 
7.20 (0. 
2.62 (0 
5.00 (0 



35-0.81) 

15-0.54) 

75-4.21) 

67-3.30) 

18-3.01) 

91-4.72) 

81-64.17) 

93-7.33) 

97-25.77) 



6.65 (2.18-20.30) 
6.00 (0.62-57.68) 
1.52 (0.79-2.91) 
1 .79 (0.94-3.42) 
0.85 (0.32-2.26) 
1.45 (0.78-2.71) 



2.08 (1.04-4.16) 



Gestational weeks until aware of pregnancy?' 1 1.16 (1.02-1.32) 

Vaccination (yes/no) 0.86 (0.22-3.32) 

Maternal upper respiratory infection (yes/no)? * 5.89 (2.65-13.07) 

Maternal fever (yes/no)? 7.50 (2.49-22.60) 

Abnormal pregnancy reaction (yes/no) 1 .23 (0.66-2.30) 

Number of previous pregnancies? * 2.46 (1 .50-4.04) 

History of spontaneous abortion (yes/no)? 3.06 (1 .19-7.87) 

Number of spontaneous abortions? ' 2.49 (1 .08-5.75) 

Maternal infection (yes/no)?* 10.19 (2.96-35.08) 

Maternal medication (yes/no)?' 1 2.97 (1.52-5.81) 

Maternal B-mode ultrasound examination (yes/no) 1 "' 1 1.93 (0.96-3.87) 

Maternal radiography examination (yes/no)** — 

Frequent use of microwave ovens (yes/no) 2.00 (0.13-31.98) 

New house repair or relocation (yes/no)?'* 6.00 (1 .21-29.73) 

Continuous noise (yes/no) 1 .36 (0.47-3.98) 

Maternal mental stress™ 2.70 (1 .53-4.76) 

Paternal coffee-drinking (yes/no) 0.67 (0.07-6.41 ) 

Paternal cola-drinking (yes/no)** — 

Father smoked before and during the first month „„,.„ 

r / ..I \ U.62 (0.29—1.34) 

of pregnancy (quit or never smoked/yes) 

Father drank before and during the first month Q 5g „ 24 _ Q gg . 
of pregnancy (quit or never drank/yes) 1 "' 1 



*Odds ratio (95% confidence interval). 

'Statistically significant after univariate analysis with a test criterion of 0.10. 
'Candidate factors for multivariate analysis. 

8 Factors reassigned after function transform of the discrete ranked variables, 1 : <37 or >42 weeks, 0: 37-42 weeks for gestational age; and 1 : <20 
or >35 years, 0: 20-35 years for mother's and father's age at this pregnancy. 

"S-master's degree or higher; 4-college; 3-senior high; 2-primary or junior high; 1 -illiterate or semi-literate, 
^-severe, 1-mild, 0-none. 

**OR is not shown if 95% CIs are extremely wide. 



Table 3. Results of multivariate conditional logistic stepwise regression analysis 



Putative risk factor 


OR* 


95% CI* 


P 


Mother's education level? 


0.31 


0.15-0.67 


0.011 


Neonatal asphyxia or hypoxia (yes/no) 


3.74 


1.25-11.18 


0.048 


Maternal upper respiratory infection (yes/no) 


4.12 


1.56-10.85 


0.016 


Number of previous pregnancies 


2.68 


1.44-4.97 


0.009 


Maternal infection (yes/no) 


7.98 


2.14-29.72 


0.010 


Maternal B-mode ultrasound examination (yes/no) 


4.05 


1.48-11.08 


0.022 


Maternal mental stress' 


3.93 


1 .94-7.94 


0.001 



*OR: odds ratio, 95% CI: 95% confidence interval. 

'5-master's degree or higher; 4-college; 3-senior high; 2-primary or junior high; 1 -illiterate or semi-literate. 
'2-severe; 1-mild; 0-none. 



and to identify the first-order interactive variables, such as 
mother's education level x number of previous pregnancies, 
maternal infection x maternal URI, maternal infection x 
maternal B-mode ultrasound examination, maternal 
infection x maternal mental stress. However, we did not 
identify any statistically significant variables that could be 
explained in light of the authors' professional knowledge. 

Because the results of the PHREG procedure of the SAS 
software did not provide a standardized partial regression 
coefficient, we used the Z value (defined as the ratio of the 
partial regression coefficient to its standard error) to compare 
the relative importance of independent variables to dependent 
variables in the model: the larger the absolute value of Z, the 
greater the role of the variable. The results of multivariate 



analysis showed that the possible risk factors — ranked 
according to their influence on the occurrence of CHD, from 
strong to mild — were maternal mental stress, number of 
previous pregnancies, maternal infection, mother's level 
of education, maternal URI, maternal B-mode ultrasound 
examination, and neonatal asphyxia or hypoxia. Detailed 
results are shown in Table 3. 

DISCUSSION 

A hospital-based 1:2 matched case-control study was 
conducted to screen possible risk factors for CHD occurring 
in the Shandong Peninsula. Eligible cases and controls were 
selected according to strict criteria, and the area of coverage 
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was specifically restricted to the Shandong peninsula. 
Ultimately, good results were obtained with this sample. 

It is very important to use appropriate modeling strategies 
in studies of etio logic association. To cite one example, when 
linear regression analysis is performed, nonlinear relationships 
must be considered. It is necessary to investigate various 
functional relations between factors and diseases by means of 
variable transformation, and to consider the possibility of 
interactions so as to guard against the chance that potential 
risk factors or modes of action might be neglected. Although 
we observed no statistically significant transformed variable 
form in this study, we did gain a number of valuable insights. 

We observed that maternal mental stress during early 
pregnancy was the most important factor (Z=3.20, 
P= 0.0014) in the occurrence of CHD, and that there was a 
dose-response relationship between them. This association 
was also observed in the case-control studies of Adams et al 21 
and Carmichael et al, 22 but those studies relied on 3 questions 
to identify mental stress: 1) "Did anyone close to you die?" 2) 
"Did you or anyone close to you lose a job?", and 3) "Were 
you or was anyone close to you divorced or separated?" 
A positive response to one of the questions was defined 
as positive mental stress. However, individuals' mental 
responses to the same life event can differ greatly. 
Therefore, in the present study, mothers were asked not only 
about whether they experienced various stressful events, such 
as the above, during early pregnancy; they were also asked to 
indicate their subjective responses to these stressors. Two tiers 
of questions were designed to categorize maternal mental 
stress. The first tier asked if any of the following occurred 
during early pregnancy: 1) "Did anyone in your family 
suddenly die or fall severely ill?" 2) "Has there been family 
conflict?" 3) "Have your relations with colleagues or friends 
been stressful? 3) "Have you felt a great deal of pressure at 
work?" 4) "Did you have an accident?", and 5) "Was a large 
amount of money stolen from your family?" If the response to 
one of these questions was affirmative, then a second tier 
question was asked: Was your mental response severe, mild, 
or absent? Although the role of maternal stress needs to be 
validated by additional studies, and the biologic mechanisms 
by which maternal stress causes CHD require elucidation, we 
strongly suggest that mental healthcare for pregnant women 
be augmented, especially during early pregnancy. 

The number of previous pregnancies and number of 
spontaneous abortions were statistically significant in 
univariate analysis, but only number of previous 
pregnancies was significant in multivariate analysis (OR, 
2.68; 95% CI, 1.44-4.97). Multiparity has been limited in 
China since the 1980s — when the family planning policy 
was implemented — which suggests that the association we 
observed is due to spontaneous abortions. Chinn et al 23 found 
that among 400 spontaneous abortuses between 9 and 40 
weeks' gestation, 13.0% had detectable CHD, which suggests 
that fetuses with CHD often survive to term and that CHD 



does not significantly affect the survival of the fetus in utero. 
Because cause and effect cannot be inferred with respect to 
why increased gestational frequency led to an increase in 
CHD, these findings suggest that the increase in spontaneous 
abortions was caused by congenital malformations. Tikkanen 
et al 24 observed that a history of several earlier miscarriages 
was a predictor of an infant born with CHD (OR, 2.7; 95% CI, 
1.4-5.3). Ferenca et al 25 found that a history of miscarriage 
was associated with an increased risk for tetralogy of Fallot. 
Therefore, we should strengthen obstetrical care for women 
who have had spontaneous abortions by implementing regular 
health counseling and testing to decrease the incidence of 
pediatric CHD. 

TORCH infections — Toxoplasma gondii, Other micro- 
organisms (like syphilis), Rubella virus, Cytomegalovirus, 
and Herpes viruses — can cause severe birth defects during 
gestation. 26 TORCH microorganisms can be easily transmitted 
to the fetus throughout the pregnancy via the imperfect 
placental barrier, especially in cases of primary infection 
during early pregnancy. In 1941, Gregg was the first to 
describe the relation between maternal rubella virus infection 
early in gestation and congenital rubella syndrome in 
offspring. 27 Since then it has become widely known that 
maternal microorganism infection during pregnancy can result 
in the birth of offspring with CHD 28 ^ 31 ; hence, much attention 
has been given to the prevention of TORCH infections in 
pregnancy. In our study, maternal infection (OR, 7.98; 95% 
CI, 2.14-29.72) and maternal URI (OR, 4.12; 95% CI, 
1.56-10.85) were associated with CHD. The infecting 
microorganisms that interviewees self-reported included 
rubella virus, toxoplasma gondii, cytomegalovirus, hepatitis 
virus, and influenza virus. We did not analyze the influence of 
each microorganism on CHD because of the limited sample 
size. URI in the first trimester of pregnancy may be associated 
with an increased risk for birth defects in offspring. However, 
these findings should be interpreted cautiously. 32 Most 
pregnant women cannot distinguish between a URI and 
influenza, so it is impossible to eliminate the possibility that 
influenza may have been misclassified as URI. In addition, 
Koro'lkova et al 33 found that Coxsackie B serotypes were 
associated with CHD. People often take medication for such 
infections; however, they often cannot recall the drug types 
and names. Therefore, as compared to collecting information 
on medication use, it is likely to be easier to ascertain that a 
participant has a history of infection or URI. Although 
medications taken during early pregnancy were not analyzed 
in the multivariate regression model, effects due to drug use 
cannot be ruled out. 

Some studies showed no association between the mother's 
education level and CHD 21 ' 34 ; others have found such an 
association. 35 We noted that the occurrence of CHD was 
inversely associated with the mother's education level (OR, 
0.31; 95% CI, 0.15-0.67), and that there was a dose-response 
relationship between them. We suspect that mothers with a 
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high level of education were better able to care for themselves, 
to obtain information on reproduction and pregnancy, and to 
secure access to health service, thereby indirectly reducing the 
occurrence of CHD. These findings also highlight the need to 
improve the healthcare and educational opportunities for 
women of childbearing age, particularly for those with less 
formal education. 

There was no evidence of an association between CHD and 
maternal exposure to ionizing radiation or video display 
terminals 24 ' 25 ' 36 ; however, we did observe an association with 
B-mode ultrasound examination. It is uncertain whether the 
maternal B-mode ultrasound examination caused the 
increasing occurrence of CHD, or if CHD and/or other 
diseases resulted in the ultrasound examination. We observed 
that the association was weak for mothers with abnormal 
findings before the ultrasound examination. We suspect that 
the association resulted from bias and that the B-mode 
ultrasound examination was not a cause of CHD, although 
further study is necessary to resolve this question. 

Many epidemiologic studies in China have indicated that 
CHD is more likely to occur at high altitude than that at 
sea level. The lower atmospheric oxygen tension present 
at high altitude was associated with a higher prevalence 
of CHD — mainly patent ductus arteriosus and atrial septal 
defects. 37-40 Similar results were obtained in South America 41 
and Peru. 42 The physiological, pathological, pathogenic, and 
clinical features of heart and pulmonary circulation in related 
diseases in high-altitude areas were described several decades 
ago, 43 but many unanswered questions still exist with respect 
to causality. Miao et al 44 ascribed the increase in CHD to 
postnatal factors, which means that CHD is due to prolonged 
postnatal hypoxia. We examined whether neonatal asphyxia or 
hypoxia occurred at the time of birth (OR, 3.74; 95% CI, 
1.25-11.18). It is very difficult, but nevertheless important, to 
determine whether CHD caused neonatal asphyxia or hypoxia, 
or if neonatal asphyxia or hypoxia resulted in the postnatal 
occurrence of CHD. We believe the latter is more likely 
because the Shandong Peninsula is not in a plateau region. If a 
relation is confirmed, it would indicate that short-term 
neonatal asphyxia or hypoxia is an important environmental 
risk factor for CHD occurring after birth. 

There were limitations in our study. First, a hospital-based 
case-control study has inherent weaknesses. Hospital-based 
cases do not represent the total distribution of CHD occurring 
in the local population. Usually, cases presenting for treatment 
in hospitals are individuals with more serious illnesses, more 
evident symptoms, or higher socioeconomic status. This 
generally results in some selectivity of hospitalized patients 
and, because there are various types of CHD, Berkson bias is 
unavoidable. In addition, it is likely that some potential cases 
died at a young age and went undetected, and that CHD went 
undiagnosed in some patients after birth because of the 
characteristics of the disorder and limitations in diagnosis and 
treatment. Furthermore, it is difficult to ensure appropriate 



selection of hospital-based controls. In our study, controls 
were not randomly selected from all eligible patients in the 
same medical institutions as the cases; rather, the 2 eligible 
and available controls whose time of presentation at hospital 
was closest to that of the case were selected. Although we 
conducted a matched case-control design, the comparability 
of cases and controls cannot be guaranteed; however, efforts 
were made to reduce selection bias. Namely, in the selection 
of controls, inpatients (84.76%) were preferred; the remaining 
controls were outpatients (15.24%). We attempted not to 
select patients who had come for a health checkup or other 
reasons. If a control were to have undetected CHD, then the 
apparent OR would be an underestimation of the true risk. 

Secondly, we collected information by means of self- 
reporting, which is easier to implement and requires less 
manpower, material, and financial resources; however, it can 
result in recall bias. The time interval between the exposures 
of interest and the interview, the age, and cultural and 
educational background of the respondents can all affect 
the validity of the responses. Fortunately, the matching design, 
to a certain extent, offsets this exposure misclassification. 
Recall bias is difficult to control for when the recollection 
effects between cases and controls differ. Ordinarily, the 
parents of children with a congenital abnormality are more 
sensitive to abnormal or adverse pregnancy outcomes. Thus, 
they may exaggerate or overestimate exposures to harmful 
factors during pregnancy, even subjectively establishing a 
false association. For example, when asked, "Did anyone in 
your family suddenly die or fall severely ill?" cases may 
consider more distant relatives, or a more distant past, than 
controls, and may magnify their mental responses to stressful 
events. The cases may also magnify exposure to radioactive 
medical examination, microorganism infection or URI, 
vaccination or drug use, occupational history, and some 
lifestyle factors (smoking, alcohol consumption, etc.) during 
and before pregnancy, even if these did not take place before 
the occurrence of CHD. This would ultimately lead to an 
overestimation of risk. Masking was used in this investigation, 
and all interviewers were uniformly trained before the formal 
interview. Therefore, we believe that investigation bias was 
minimal in the present study. 

Thirdly, the causes of CHD are multifactorial, and the 
types of CHD are varied and complex. It was therefore 
impossible, in the present study, to include all the suspected 
risk factors for CHD. Although some types of CHD have 
much in common, specific types of CHD result in particular 
consequences. Moreover, a very large, diverse set of questions 
on putative risk factors could affect the statistical power of the 
analysis. To cite one example, in the original data collection 
for the study, age at pregnancy was broadly classified (<20 
years, 20-35 years, and >35 years). However, there were 
relatively few parents aged <20 or >35 years. The absence of 
detail for the 20-35-year-old age group might explain why 
there was no significant difference in age between cases and 
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controls. In addition, the limited number of age groups may 
have resulted in a failure to control for confounding by 
mother's age at this pregnancy. 

Because of these limitations, the findings need to be 
interpreted cautiously and etiologic association must not be 
inferred. Nevertheless, this study offers information to assist 
in developing guidelines for local CHD prevention. The 
results strongly suggest that: 1) government, society, and 
families should pay more attention to the mental health of 
pregnant women, especially during early pregnancy, and 
should take all practical measures to create a relaxed living 
and working environment by reducing or eliminating all 
types of mental stress; 2) women should be offered regular 
and standardized health counseling and testing during 
pregnancy — such as TORCH active infection screening 
during early pregnancy, TORCH series IgM antibody 
testing, and DNA testing through umbilical cord blood — and 
should consider vaccination or pregnancy termination, if 
necessary; 3) women should guard against URI, refrain from 
taking unnecessary medication in pregnancy, and comply with 
doctors' guidance and prescriptions; 4) the government should 
develop health education materials and communication 
strategies targeted at women of childbearing age, especially 
those with less formal education, to enable them to better care 
for themselves and seek health services; and 5) improve 
procedures and techniques to guard against neonatal asphyxia 
or hypoxia. 

REFERENCES 

1. Arnold C, Christopher PH, Bernadette M. March of Dimes: 
Global Report on Birth Defects, the Hidden Toll of Dying and 
Disabled Children. White Plains, New York, 2006. 

2. Luo MY. The present status and intervention of birth defects in 
China [in Chinese]. Strait Journal of Preventive Medicine. 
2006;12:1-2. 

3. Hoffman JI. Incidence of congenital heart disease: Il.prenatal 
incidence. Pediatr Cardiol. 1995;16:155-65. 

4. Tan MJ, Huang MS, Li DQ, Yi ZY, Huang RM. A case-control 
study on the environmental factors and children congenital heart 
disease during early pregnancy [in Chinese]. J Environ Health. 
2006;23:427-30. 

5. Li YH. Prevent fetal neural tube defects by the addition of folic 
acid during perinatal pregnancy [in Chinese]. Maternal and Child 
Health Care of China. 2005;20:1827-9. 

6. Huang YH. The present status of birth defects surveillance in 
China [in Chinese]. Guangxi Medical Journal. 2006;28:1745-7. 

7. Zhu J, Zhou GX, Dai L, Wang YP, Liang J, Miao L. The 
incidence analysis on perinatal congenital heart disease of China 
from 1996 to 2000 [in Chinese]. Sichuan Da Xue Xue Bao Yi 
Xue Ban. 2004;35:875-7. 

8. Chen ZX, Zhou FR, Zhang P. The monitoring results 
and analysis of birth defects in Shandong province from 
2002 to 2003 [in Chinese]. Preventive Medicine Tribune. 
2004;10:711-2. 



9. Zhao XY, Zhou FR, Chen ZX. The monitoring results and 
analysis of birth defects in urban and rural areas of Shandong 
province from 1996 to 2001 [in Chinese]. Liferatue and 
Information on Preventive Medicine. 2003;9:585-6. 

10. Tajimi M, Uehara R, Watanabe M, Oki I, Ojima T, Nakumura Y. 
Birth cohort effect of the mortality rate from congenital heart 
disease in Japan. J Epidemiol. 2003;13:274-7. 

1 1 . Hoffman JI, Kaplan S, Liberthson RR. Prevalence of congenital 
heart disease. Am Heart J. 2004;147:425-39. 

12. Engelfriet P, Boersma E, Oechslin E, Tijssen J, Gatzoulis MA, 
Thilen U, et al. The spectrum of adult congenital heart disease in 
Europe: morbidity and mortality in a 5 year follow-up period. 
The Euro Heart Survey on adult congenital heart disease. Eur 
Heart J. 2005;26:2325-33. 

13. Liu J, Qin ZT. The present and future of children cardiovascular 
disease [in Chinese]. International Journal of Pediatrics. 
1994;21:320-3. 

14. Sparacino PS. Adult congenital heart disease. An emerging 
population. Nurs Clin North Am. 1994;29:213-9. 

15. Bruneau BG. The developmental genetics of congenital heart 
disease. Nature. 2008;451:943-8. 

16. Jenkins KJ, Correa A, Feinstein JA, Botto L, Britt AE, Daniels 
SR, et al. Noninherited risk factors and congenital cardiovascular 
defects: current knowledge: a scientific statement from the 
American Heart Association Council on cardiovascular disease 
in the Young:endorsed by the American Academy of Pediatrics. 
Circulation. 2007;115:2995-3014. 

17. Mone SM, Gillman MW, Miller TL, Herman EH, Lipshultz SE. 
Effects of environmental exposures on the cardiovascular 
system: prenatal period through adolescence. Pediatrics. 
2004;113:1058-69. 

18. Grech V, Agius-Muscat H, Savona- Ventura C, Pace J. Regional 
differences in birth prevalence of congenital heart disease in 
Malta. Cardiol Young. 1999;9:150-4. 

19. Bassili A, Mokhtar SA, Dabous NI, Zaher SR, Mokhtar MM, 
Zaki A. Risk factors for congenital heart diseases in Alexandria, 
Egypt. Eur J Epidemiol. 2000;16:805-14. 

20. Batra M, Heike CL, Phillips RC, Weiss NS. Geographic and 
occupational risk factors for ventricular septal defects: 
Washington State, 1987-2003. Arch Pediatr Adolesc Med. 
2007;161:89-95. 

21. Adams MM, Mulinare J, Dooley K. Risk factors for conotruncal 
cardiac defects in Atlanta. J Am Coll Cardiol. 1989;14:432-42. 

22. Carmichael SL, Shaw GM. Maternal life event stress and 
congenital anomalies. Epidemiology. 2000;11:30-5. 

23. Chinn A, Fitzsimmons J, Shepard TH, Fantel AG. Congenital 
heart disease among spontaneous abortuses and stillborn fetuses: 
prevalence and associations. Teratology. 1989;40:475-82. 

24. Tikkanen J, Heinonen OP. Congenital heart disease in the 
offspring and maternal habits and home exposures during 
pregnancy. Teratology. 1992;46:447-54. 

25. Ferenca C, Correa- Villasenor A, Loffredo CA, editors. Genetic 
and environmental risk factors of major cardiovascular 
malformations: the Baltimore-Washington infant study: 
1981-1989. Armonk, NY: Futura Pub. Co., Inc., 1997. 

26. Franca CM, Mugayar LR. Intrauterine infections: a literature 
review. Spec Care Dentist. 2004;24:250-3. 

27. Gregg NM. Congenital cataract following German measles in the 



J Epidemiol 2009;19(3):122-130 



130 



Environmental Risk Factors for Congenital Heart Disease in Shandong Peninsula 



mother. Trans Ophthalmol Soc Aust. 1941;3:35-46. 

28. Campbell M. Place of maternal rubella in the aetiology of 
congenital heart disease. BMJ. 1961;1:691-6. 

29. Cochi SL, Edmonds LE, Dyer K, Greaves WL, Marks JS, Rovira 
EZ, et al. Congenital rubella syndrome in the United States, 
1970-1985: on the verge of elimination. Am J Epidemiol. 
1989;129:349-61. 

30. Maisch B, Schonian U, Crombach M, Wendl I, Bethge C, 
Herzum M, et al. Cytomegalovirus associated inflammatory 
heart muscle disease. Scand J Infect Dis Suppl. 1993;88:135-48. 

31. Wang XM, Zhang GC. Study on the correlation of Toxoplasma 
gondii infection with congenital heart disease [in Chinese]. 
Journal of Fourth Military Medical University. 1999;20:790-2. 

32. Zhang J, Cai WW. Association of the common cold in the 
first trimester of pregnancy with birth defects. Pediatrics. 
1993;92:559-63. 

33. Koro'lkova EL, Lozovskaia LS, Tadtaeva LI, Khellenov EA. 
The role of prenatal Coxsackievirus infection in the 
etiology of congenital heart defects in children. Kardiologiia. 
1989;29:68-71. 

34. Tikkanen J, Heinonen OP. Occupational risk factors for 
congenital heart disease. Int Arch Occup Environ Health. 
1992;64:59-64. 

35. Carmichael SL, Nelson V, Shaw GM, Wassennan CR, Croen 
LA. Socio-economic status and risk of conotruncal heart 
defects and orofacial clefts. Paediatr Perinat Epidemiol. 
2003;17:264-71. 



36. Tikkanen J, Heinonen OP, Kurppa K, Rantala K. Cardiovascular 
malformations and maternal exposure to video display terminals 
during pregnancy. Eur J Epidemiol. 1990;6:61-6. 

37. Liu RC. Survey of congenital heart disease in children in the 
Qinghai Plateau [in Chinese]. Zhonghua Xin Xue Guan Bing Za 
Zhi. 1982;10:241-2. 

38. Miao CY, Zuberbuhler JS, Zuberbuhler JR. Prevalence of 
congenital cardiac anomalies at high altitude. J Am Coll Cardiol. 
1988;12:224-8. 

39. Wu TY, Ge EL. The epidemiological studies of congenital heart 
disease on children in Qinghai-Tibet Plateau [in Chinese]. Xin 
Fei Xueguan Xuebao. 1990;9:131-5. 

40. Deng GY, Xie JS, Li F, Wang WQ, Yang SY, Zhu HJ. Research 
on the causes of congenital heart disease in Plateau [in Chinese]. 
Chinese Journal of Birth Health and Heredity. 1995;3:88-90. 

41. Alzamora-Castro V, Battil G, Abugatas R, Sialer S. Patent 
ductus arteriosus and high altitude. Am J Cardiol. 1960;5:761-3. 

42. Penaloza D, Arias-Stella J, Sime F, Recavarren S, Marticorena 
E. The heart and pulmonary circulation in children at high 
altitudes: physiological, anatomical, and clinical observations. 
Pediatrics. 1964;34:568-82. 

43. Penaloza D, Arias-Stella J. The heart and pulmonary circulation 
at high altitudes: healthy highlanders and chronic mountain 
sickness. Circulation. 2007; 11 5: 1132^16. 

44. Miao CY, Tao L. The influence of Plateau on the incidence of 
congenital heart malformations [in Chinese]. The Journal of 
Clinical Pediatrics. 1989;7:136-7. 



J Epidemiol 2009;19(3):122-130 



